The article deals with dynamic flow behaviour in oil piping, modulus of fluid elasticity and its influence on the dynamic behaviour of hydraulic systems. In this paper, a methodology is to model the unsteady flow. Mathematical modeling of the measured pressures is implemented on the basis of the boundary conditions and is carried out in program Matlab SimHydraulics. The comparison results are in agreement.
introduction
Mathematical -physical modeling is based on the application of the laws of physics. They can be used to create mathematical models of mechanical, hydraulic, pneumatic, electrical and thermal systems. The simulation is consisted in creating a simulation mathematical model and its solution.
Hydraulic fluid elastic modulus The modulus of elasticity has a very important role in the calculations and affects the dynamics of hydraulic systems. It depends on pressure, temperature and the amount of dissolved air. The amount of air in the oil has the greatest impact on value of the modulus of elasticity, as the air is much more compressible. Its theoretical value for mineral oil is in the range of K = (1.4 -1.8)·10
9 Pa [7, 8] . Measurement of modulus of elasticity is poorly realizable especially in operating conditions, so its value is determined laboratory or estimated. In this work, the modulus of elasticity is determined from the wavelength and consequently by the sound velocity in the hydraulic hammer. However, this modulus of elasticity is determined as time independent of pressure. This affects the accuracy of the calculation. [3, 5, 9] The dynamics of the two-stage indirect-controlled valve Reducing two-stage indirectly controlled valve has a pressure control function in the circuit -the safety valve. Generally, these valves are used to reduce higher pressures p and flow rates Q. Its scheme is shown in Fig. 1 .
Equations describing the dynamics of the reducing valve are given by the following relations. The valve is closed at x = xm and fully opened at x = 0. At the node with pressure p2 the following linearized equations apply The motion equation of the valve spool is [2] electrical circuits whose transient properties are comparable [2] . Based on the analogy of hydraulic parameters (p, Q) and electrical parameters (U, i) the resistances are defined [2] [3] [4] : Hydraulic resistance to motion represents friction and local resistances in flowing fluid
Where mr -mass of the spool valve, br damping coefficient, cr spring constant, S surface of the spool valve.
In Matlab SimHydraulics, a differential equation of the first order is used, so equation (2) 
The equations can be solved numerically for labeled flows and displacement x at the given pressure. The necessary constants are determined from the experimental measurements of transient characteristics [2] .
Mathematical modeling
The modeling of hydraulic circuit elements consists in assembling mathematical models to allow computation of pressure and flow values at individual points in the circuit. The method of electrical analogy of hydraulic resistances is used for definition of mathematical models of hydraulic elements An electrohydraulic analogy allows the examination of hydraulic elements, their groups and systems by investigation methods applied on
Hydraulic resistance to acceleration (hydraulic inductance) from the mechanical point of view, it is the influence of mass inertia. The reason of resistance to acceleration is inertia of the fluid or inertia of a moving mass (piston, piston rod, spring, etc.). [2] .
Hydraulic capacity represents the inverse value of resistance to deformation (fluid, gas, pipes, springs, etc.) [2] .
Hydraulic hammer measurement
Fig . 2 shows the circuits on which the hydraulic hammer measurements have been made. In variant A there is displayed the circuit with a toothed flowmeter located between the valves. The toothed flowmeter represents a local resistance in the hydraulics circuit, therefore it has been replaced by clamp-on flowmeter, see version B. In the hydraulics circuit the hydraulic oil VG 46 at the temperature 26°C flows.
Hydro-generator HG1 pumps the liquid from the main tank T1 to the circuit and it is powered by electric motor M1. The circuit is protected against overload by the safety valve SV (two-stage indirectly controlled reducing valve). On the tank T1 is placed measuring cube MC, on which the pressure p1 is measured. The toothed flowmeter TFM is located between ball valves BV1 and BV2 (variant A). Behind the flowmeter there is a T-piece with parallel connected nozzle and a closed ball valve. Tested horizontal pipeline is connected between valves YV1 and YV2 with the circuit. These valves are electrically controlled and equipped The YV1, YV2 valves have a very fast response. Fig. 3 shows the shut-off time of the valve at given flow rate (for QA = 9.048 l.min -1 is tuz = 59 ms, for QB = 17.04 l.min -1 is tuz = 49 ms). 
Evaluation of the hydraulic hammer measurement by closing the valve YV1
Measured pressure curves and period definitions needed to calculate fluid elasticity modulus K in hydraulic hammer are presented in Fig. 4 . To determine the sound velocity in the fluid, it is also necessary to know the distance between the pressure source and the closing point (l = 9.65 m). 
Mathematical model of hydraulic circuit
The mathematical model of the hydraulic circuit for hydraulic hammer measuring was created in the Matlab -Simulink program, using the SimHydraulics library, see Fig. 5 .
Block of variable orifice represents valves YV1 and YV2, which is specified by parameterization of maximum flow area and opening. For this parameterization, it is only necessary to calculate the maximum flow area of the valve Smax = 3.15·10 -4 m 2 and estimate the flow coefficient, see Tab. 3. 
conclusions -Evaluation and comparison of simulation of hydraulic hammer with measurement
The article deals with simulation of hydraulic hammer in oil flow at relatively low pressure (low pressure hydraulic system). Dynamics of flow is significantly influenced by the fluid elasticity modulus (oil), therefore it is necessary to deal with its precise determination depending on the pressure. Mathematical models of dynamic behaviour of flow were time-dependent, one-dimensional, solved in Matlab SimHydraulics. Two variants of the hydraulic circuit were tested. In Variant A, a toothed flowmeter (local resistance) was connected to the circuit. In variant B, the toothed flowmeter was replaced by a pipeline, and the flow was measured by an ultrasonic flowmeter that does not exhibit any variant A variant B resistance in the pipeline. The modeled pressure curves for both variants (A, B) have approximately the same pressure peaks in simulation and measurement. For both variants, the simulated pressure curves are much smoother than measured. They differ slightly in the period (simulation period is smaller than the measured one).
In conclusion, one-dimensional simulation modeling (Matlab SimHydraulics) is well suited to measurement. The one-dimensional modeling method is relatively simple. All constants can be determined from the catalog sheets of individual hydraulic elements, or supplemented by measurement of static characteristics. The oil properties (density, modulus of fluid elasticity and kinematic viscosity) can be determined at a given temperature and pressure. In the article the
